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Introduction
The use of linear stapling devices for head and neck applications was pioneered in the 1960s and 1970s by surgeons in Russia. The first clinical reports demonstrating the use of a linear stapling device for mucosal closure of laryngectomy defects were published in 1971 by Luk'ianchenko 1 and Sorokina. 2 The next year, their countrymen Paches et al described their early clinical experience and presented experimental data in a canine model. 3 These early reports indicated that stapling results in decreased fistula rates and shorter healing times than the traditional method of suture closure. Since then, several other authors have reviewed this technique. [4] [5] [6] [7] It was not until the early 1980s that the linear stapling technique was adopted in Western centers. 8, 9 In 1986, Sessions et al reported data from canine studies in which laryngectomy defects were created and then closed with by linear stapling. 4 However, unlike the earlier findings in dogs by Paches et al, 3 Sessions et al 4 reported a lack of mucosal healing, which raised questions about the utility of this technique. Nevertheless, the use of the linear stapler became well accepted in general surgery, and it now represents the standard of care for many gastrointestinal procedures. In addition, several authors reported the successful use of the linear stapler in head and neck applications, most notably for endoscopic diverticulectomy and laryngectomy. 5, [8] [9] [10] [11] Still, stapled closure has not gained significant popularity among surgeons who perform laryngectomy.
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the stapling technique, and the fear of an increased risk of complications such as infection and fistula. Moreover, many advanced laryngeal malignancies are not endolaryngeal, and thus they may require various reconstructive procedures. As a result, these cases may not be amenable to stapled closure. While organ preservation is a preferred outcome in the treatment of advanced laryngeal squamous cell carcinoma (SCC), total laryngectomy is often required when preservation is either unsuccessful or not possible. While total laryngectomy is a time-honored treatment for laryngeal cancer, the optimal technique for achieving mucosal closure of the neopharynx has been a topic of debate. The goal of mucosal closure is to achieve a watertight seal that allows for sufficient vascular flow to provide reliable healing. Inherent in this goal is the prevention of fistula formation after pharyngeal closure.
There is a paucity of literature on the outcomes of patients who undergo stapled closure as compared with traditional closure. In this article, we describe our comparison of complication rates with both types of wound closure.
Patients and methods
For this retrospective, matched-cohort, case-control study, we reviewed the records of all consecutively presenting patients who had undergone total laryngectomy performed by the senior author (L.L.M.) from January 2002 through December 2007. We identified 92 evaluable operations in patients who had a history of advanced cancer and whose surgical defects were amenable to primary closure. Regardless of the surgical technique, all patients underwent primary closure. We excluded all cases in which the patient required a locoregional or free-tissue transfer reconstruction of the neopharynx. We also excluded all cases that did not include complete documentation of the exact closure technique that had been employed.
A total of 42 patients met our inclusion criteria-39 men and 4 women, aged 34 to 92 years (mean: 60.3). Of this group, 37 patients had active endolaryngeal squamous cell carcinoma (SCC), 2 patients had inactive endolaryngeal SCC, 2 patients had thyroid cancer, and 1 patient had been treated for chronic aspiration. A total of 26 patients (61.9%) had undergone traditional suture closure of the neopharynx (suture group) and 16 patients (38.1%) had undergone closure with a linear stapling device (staple group).
In addition to demographic data, we compiled information on each patient's clinical status, treatment, and outcome. In addition, we analyzed factors that contributed to healing, histopathologic findings, and postoperative feeding. Selected demographic data and patient characteristics for the entire group are shown in table 1.
Surgical and closure procedures. All patients had undergone direct laryngoscopy and endoscopy to ensure that their disease was amenable to primary closure. In the suture group, sutured pharyngeal closure was performed in the manner described by Connell. 12 In the staple group, closure was performed as follows:
• A standard transcervical approach to total laryngectomy was performed, and the laryngeal cartilage framework was skeletonized in the traditional manner.
• The hyoid bone was carefully released from the suprahyoid tongue base muscles.
• A traditional transection of the trachea was performed with separation of the membranous trachea from the party wall of the esophagus.
• The stylopharyngeus muscle and piriform sinuses were completely released.
• After skeletonization was completed, the larynx was retracted superiorly and the stapler was positioned carefully, ensuring that the epiglottis was retracted to avoid interference with the stapling device (figure 1).
• The stapler was oriented parallel to the esophagus and activated (figure 2).
• The larynx was sharply incised and removed, resulting in a stapled pharyngeal closure (figure 3).
• The specimen was examined to ensure that the resection was adequate (figure 4).
All the linear staple closures were performed with either a TA 60 or TA 90 3.5-mm Auto Suture device (Tyco Healthcare; Gosport, Hampshire, U.K.), depending on the length of the proposed pharyngeal closure (figure 5). For patients who were deemed appropriate for a tracheoesophageal prosthesis, we created a fistula over an esophageal dilation bougie carefully introduced into the neopharynx.
Statistical analysis. We stored data in a database (Excel v.12.2; Microsoft; Redmond, Wash.) and analyzed them with Statistical Package for the Social Sciences software (v. 16.0; IBM; Armonk, N.Y.).
Ethical considerations. Our study protocol was approved by the Institutional Review Board at the University of Texas Southwestern Medical Center in Dallas.
Results
Postoperative infections. There were 8 postoperative infections in the cohort-5 in the staple group (31.3%) and 3 in the suture group (11.5%). The difference was not statistically significant.
Fistulas. Fistulas occurred in 4 of the 16 staple patients (25.0%) and 6 of the 26 suture patients (23.1%)-again, not statistically significant. Analysis of individual patient factors as they related to fistula formation is shown in table 2. This analysis did not find any relationship between the risk of fistula formation and the administration of radiotherapy.
Patient variables. The patients in the staple group were significantly older than those in the suture group (median: 71.0 vs. 56.5 yr, p = 0.002). Otherwise, there were no significant differences between the two groups in terms of smoking, alcohol consumption, and comorbidities such as hypothyroidism and diabetes. A total of 9 patients had received radiation therapy prior to surgery.
Information regarding thyroid-stimulating hormone (TSH) status was available for 25 patients, and it revealed that 4 of these patients (16.0%) were serologically hypo-thyroid (TSH level: >4.2 mIU/L) at the time of surgery (table 1). Information on diabetes was available for 26 patients; 5 (19.2%) of them had diabetes (table 1). All 5 diabetic patients underwent preoperative evaluation, and their serum blood glucose was controlled prior to surgery.
Of 35 patients with available data, 15 (42.9%) were anemic at the time of surgery, as evidenced by hemoglobin levels less than 13.0 g/dl (our laboratory's range of normal: 13.0 to 17.3). There was no statistically significant difference between the two groups in the prevalence of anemia.
Histopathologic characteristics. The histopathologic findings are summarized in table 3. Information on T categories was available for 41 of the 42 patients (table  3) . Of these 41 patients, 35 (85.4%) had advanced (cat- Comparison of CompliCation rates assoCiated with stapling and traditional suture Closure after total laryngeCtomy for advanCed CanCer egory T3 or T4) SCC. The fact that most of these patients had advanced cancer would be expected. Of these 41 patients, 7 (17.1%) had recurrent disease following primary radiotherapy. Information on SCC differentiation was available for 40 patients, including the 1 patient who was treated for aspiration. Of these, 26 (65.0%) had a moderately differentiated tumor (table 3) .
Postoperative feeding. Twelve of 41 patients (29.3%) for whom nutritional data were available required support with either total parenteral nutrition (TPN) or percutaneous endoscopic gastrostomy (PEG) feeding for more than 2 weeks. Postoperative fistula was associated with a significantly higher incidence of TPN/PEG dependence lasting for more than 2 weeks (p = 0.007) The administration of radiotherapy was also significantly correlated with the need for more than 2 weeks of TPN/ PEG support (p = 0.05).
Discussion
There is a wide variation in surgical techniques for laryngectomy closure and little scientific evidence to guide surgeons. Yet the success or failure of these techniques may have a definitive impact on immediate and longterm outcomes for patients undergoing laryngectomy. 13 Stapling is generally performed as a closed technique in which the staple is placed across retracted pharyngeal musculature and mucosa, creating closure without ever entering the pharynx. 14 However, an open technique can be used if desired-for example, when a total laryngectomy is performed in the standard fashion and the open pharyngotomy is retracted into the jaws of the stapling device prior to activation. In such a case, the stapler is merely replacing traditional suture closure techniques.
While the open technique is somewhat more cumbersome to perform, it offers the advantage of intraoperative mucosal margins and the creation of a transesophageal fistula prior to pharyngeal closure. [15] [16] [17] The technique has also been applied to free jejunal pharyngolaryngeal reconstruction, and it offers significant advantages in terms of low anastomoses, which would be difficult if not impossible to achieve with a standard hand-sewn anastomosis. 18 Reported fistula rates in traditional laryngectomy range from 5 to 70%. 5, [19] [20] [21] [22] [23] Fistulas are a major concern because of their associated morbidity. Variable factors implicated in pharyngocutaneous fistula after laryngectomy include surgical technique, the type of suture materials, and the extent of surgery. However, it is likely that host factors-such as medical comorbidities, nutritional status, and previous therapies (e.g., irradiation)-play a greater role in fistula formation.
There is little doubt that previous radiation therapy negatively affects fistula rates, regardless of which closure technique is used. 6, 7, 16, 17, 19, 20, 22 Wolfensberger and Simmen studied 39 patients who underwent linear staple closure after laryngectomy and reported fistula rates of 11% in nonirradiated patients and 45% in previously radiated patients. 11 They concluded that except for previously irradiated patients, the linear stapler was as reliable as standard closure techniques. 11 Other authors have successfully used staple closure in irradiated patients, but they reported higher fistula rates similar to those associated with traditional suture closure. 6, 16, 17 In our investigation, we were unable to demonstrate any relationship between preoperative irradiation and fistula formation, but this was likely due to the low number of irradiated patients in our cohort (n = 9).
It should be pointed out that the design of the staple permits mucosal closure without constriction of the vasculature. The closed staple assumes a B shape, which prevents vessel compression and should result in less tissue necrosis than sutures. 16, 17 Thus, the linear stapler is a less traumatic closure technique, which may also explain its association with lower rates of fistula. Our investigation did not reveal either a beneficial or detrimental effect of stapling in terms of postoperative fistula formation, but others have. 6, 7 Reported postlaryngectomy fistula rates with linear stapling range from 5 to 20%. 2, 6, 7, [14] [15] [16] One of the most comprehensive reviews of linear stapler closure after total laryngectomy was written by Bedrin et al in 2005. 16 They analyzed the use of the linear stapler in 1,415 patients, nearly all of whom (98.6%) had not responded to previous radiation therapy. The overall fistula rate in that analysis was 11.9%. Of note, most of the patients in that study (1, 004) had received only 40 to 45 Gy before they were declared nonresponders. Such a dose is certainly below the standard currently used in organ preservation strategies, but the fistula rate in that subset was only 9.2%. Another 391 of the 1,415 patients had received 60 to 65 Gy prior to laryngectomy, and their fistula rate was 19.4%, which is more consistent with the fistula rate in our staple group (25.0%).
Studies directly comparing linear stapling with traditional suture closure are lacking. 6, 7, 16, 17 Santaolalla Montoya et al compared three nonirradiated groups of patients and reported on procedure length, initiation of oral feeding, and length of hospitalization. 15 Their patients underwent randomization for manual suturing (n = 50), closed-technique linear stapler closure (n = 38), and open-technique linear stapler closure (n = 12). They reported that closed-technique stapler closure was associated with a significant decrease in operative time and hospital stay and a more rapid initiation of oral feeding; they also reported a fistula rate of 5.26% and no infections or hemorrhage. Their fistula rate was similar to the rate reported by Bedrin et al 16 in nonirradiated patients (5%). Our investigation of 42 patients revealed no significant difference in fistula rate between staple and traditional suture closure.
We acknowledge that in a retrospective study, an inherent selection bias may exist, given that there was no randomization to the particular method of closure that had been selected for each patient. This is evidenced by the fact that the stapled group was significantly older than the suture group. However, this appears in itself to be a random event, as patients certainly were not selected for stapled laryngectomy on the basis of their age. In addition, available data relative to TSH, prealbumin, and radiation dose were insufficient for analysis, and it is possible that these factors may have an effect on our findings.
The most likely explanation for the fact that we were unable to demonstrate a relationship between preoperative irradiation and fistula formation is that our analysis was underpowered. While no differences in fistula rates were observed in our study relative to closure technique, ad hoc power analysis, given a small effect size of roughly 2% between the rates of fistula in the two groups (25.0% in the staple group and 23.1% in the suture group) revealed that a sample size of 3,668 patients would be required to detect a significant difference between the groups (power: 0.8; alpha: 0.05; effect size: 0.02).
Since an investigation of that magnitude is unlikely, we can simply state that any difference in fistula rates attributable to technical differences between stapled closure and traditional suture closure is likely negligible, and that stapled laryngectomy closure is an appropriate technique for pharyngeal closure after total laryngectomy. The technique offers some advantages in terms of operative time and closure consistency. Still, our findings do not support the theory that stapling is superior to traditional techniques regarding the risk of postoperative fistula. Other authors have indicated that stapling saves surgical time. 2, 14, 15, 17 In conclusion, significant variability in laryngeal closure techniques makes the study of pharyngeal closures difficult. Different operative techniques and the extent of surgery may affect outcomes. In this review of 42 patients who underwent total laryngectomy, we found no statistically significant difference in infection or fistula rates between linear stapling and traditional suturing in matched patients.
In view of the retrospective design of our study, data relative to TSH, prealbumin, and radiation dose were not sufficient to allow for analysis; these factors might have some effect on outcomes. We conclude that stapled laryngeal closure is an appropriate technique for selected patients and that it does not appear to increase the risk of postoperative infection or fistula formation.
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